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FOREWORD 

Th i s  i s  a  r e p o r t  o f  a  s tudy  t o  develop a  f e a s i b l e  and c o s t / e f f e c t i v e  

r e h a b i l i t a t i o n  program t o  reduce t h e  acce l e ra t ed  e ros ion  coming from 

numerous e r o s i o n  sources  c r e a t e d  over t h e  years  i n  t h e  upstream drainage 

of Redwood Creek Basin. This s tudy was au thor ized  by t h e  Sec re t a ry  of 

Resources C l a i r e  Dedrick and t h e  Direc tor  o f  Conservation L. A. Moran 

and c a r r i e d  ou t  under t h e  d i r e c t i o n  of S t a t e  Fo res t e r  L. E. Richey. 

Th i s  r e p o r t  desc r ibes  t h e  bas i c  phys ica l  f a c t s  a s  t hey  p r e s e n t l y  

e x i s t  i n  t h e  upper watershed of Redwood Creek Basin. No a t tempt  was 

made t o  r e l a t e  t h e  phys i ca l  problems t o  e x i s t i n g  o r  p a s t  l and  ownership 

p a t t e r n s .  The l and  ownership has changed over t h e  y e a r s  s i n c e  t h e  f i r s t  

logging  took p l a c e  and t h e r e  i s  not n e c e s s a r i l y  any c o r r e l a t i o n  t o  t h e  

cond i t i ons  on t h e  ground and t h e  present  landowners' a c t i v i t i e s ,  nor i s  

t h e r e  any c o r r e l a t i o n  i n  regard  t o  t h e  e f f e c t s  o f  c u r r e n t  l ogg ing  prac- 

t i c e s  and p a s t  logging  p r a c t i c e s .  

It should be noted t h a t  phys ica l  problems occu r r ing  i n  t h e  upper 

Redwood Creek Basin a r e  not  u n l i k e  problems found i n  o t h e r  dra inages  

p rev ious ly  logged wi th  s i m i l a r  geology and timber t ypes  i n  t h e  North 

Coast Region. The s tudy  a t  t h i s  time has not  covered t h e  lower p o r t i o n  

of Redwood Creek nea r  t h e  National  Park i n  t h e  redwood f o r e s t  t ype .  

We f i n d  t h a t  t h e  comments rece ived  regard ing  t h e  pre l iminary  d r a f t  of 

t h i s  s tudy  g e n e r a l l y  co r robora t e  t h e  f ind ings  and do no t  s u b s t a n t i a l l y  a l t e r  

t h e  esti ,mated c o s t  of r e h a b i l i t a t i o n  of  t h e  watershed. It should b e  noted  

t h a t  t h i s  r e p o r t  d i d  no t  i nc lude  t h e  mi t iga t ion  of problems i n  t h e  main 

Redwood Creek channel  because t h i s  was be ing  s t u d i e d  by o t h e r s  i nc lud ing  

U. S .  Geological  Survey. 

This  r e p o r t  was prepared by David Burns, C a l i f o r n i a  Department of 

Fo res t ry ,  and Pe r ry  Amimoto, C a l i f o r n i a  Div is ion  of  Mines and Geology, De- 

partment of Conservat ion.  



Cor rec t ive  Work Needed f o r  t h e  Rehab i l i t a t i on  o f  t h e  
Headwaters of  t h e  Redwood Creek Watershed 

by 
David M. ~ u r n s l l  & Perry  Y.  ~ m i r n o t d  

I .  S m a r y  

The s tudy  concludes t h a t  t h e  cos t  o f  r e h a b i l i t a t i o n  work t o  reduce 

e ros ion  i n  t h e  upper watershed of Redwood Creek w i l l  be approximately 

$2,430,000 o r  about $50/acre.  Comments on t h i s  s tudy by t h e  U .  S.  

Geological  Survey and t h e  National  Park Serv ice  a r e  a t t ached  t o  t h i s  

r e p o r t .  

11. Background 

This  s tudy  was au tho r i zed  by S t a t e  Fo res t e r  L. E. Richey. The pur- 

pose w a s  to look i n t o  t h e  needs and f e a s i b i l i t y  of  t h e  r e h a b i l i t a t i o n  o f  

Redwood Creek and t o  make recommendations f o r  c o s t  e f f e c t i v e n e s s .  

Meetings were he ld  wi th  r e p r e s e n t a t i v e s  o f  t h e  l a r g e r  t imber  owners 

w i th in  t h e  watershed.  R e p r e ~ e n t a t i v e s  of t h e  Redwood National  Park and 

U. S. Geological  Survey who have in t ima te  knowledge of  Redwood Creek were 

advised  of  t h e  s tudy  and asked f o r  t h e i r  i npu t s .  A l l  r e p r e s e n t a t i v e s  were 

i n v i t e d  t o  p a r t i c i p a t e  i n  t h e  f i e l d  work. 

Since t h e  Redwood Creek drainage i s  154,000 a c r e s ,  it was decided t o  

b lock  t h e  dra inage  i n t o  3 a r e a s  and sample wi th in  one area a t  a t ime.  O f  

t h e  t h r e e  a r e a s ,  two a r e  no r th  of  S t a t e  Highway 299,  whi l e  t h e  t h i r d  s tudy  

a r e a ,  r e p r e s e n t i n g  approximately one-third of t h e  t o t a l  d ra inage ,  i s  l o c a t e d  

i n  t h e  headwaters of  Redwood Creek south of  S t a t e  Highway 299. Other c r i t e r i a  

f o r  t h e  s tudy  were: 1) s e l e c t i o n  of a r e a s  t h a t  had been logged o r  d i s t u r b e d  

p r i o r  t o  January ,  1975 (new Fores t  P r a c t i c e  Rules e f f e c t i v e  d a t e )  ; 2 )  l a n d  

owner's approval  o r  permission;  and 3) a c c e s s i b i l i t y  and t iming .  

i/ ,Forester 111, CDF 

- 21 Engineering Geologis t ,  CDMG 



Considering t h e s e  c r i t e r i a  and t h e  mul t ip l e  law s u i t s  which were i n  

progress  i nvo lv ing  t h e  t h r e e  major landowners, t h e  s tudy  team w a s  pre-  

c luded from working on l ands  of t h e  l a r g e r  landowners. It was decided 

t o  s t a r t  t h e  r e h a b i l i t a t i o n  s tudy i n  t h e  l e a s t  c o n t r o v e r s i a l  a r e a .  This  

was a f f i rmed  i n  t h e  S t a t e  Fo res t e r  L. E. Richey's l e t t e r  o f  September 7 ,  

1976 t o  D i r e c t o r  L. A.  Moran i n  which t h e  i n i t i a l  s tudy a r e a  was l i m i t e d  

t o  t h e  headwaters of Redwood Creek south of  S t a t e  Highway 299. 

During t h e  week o f  September 20, 1976, David Burns, F o r e s t e r  I11 of  

t h e  C a l i f o r n i a  Div is ion  o f  Fo res t ry ,  Per ry  Amimoto, Engineering Geologist  

o f  Div is ion  of Mines and Geology, Steven Veirs  and Gary Les t e r  of Nat ional  

Pa rk  Se rv i ce  s t u d i e d  and sampled subareas i n  t h e  upper watershed of  Redwood 

Creek. No company o r  i n d u s t r i a l  r e p r e s e n t a t i v e s  accompanied t h e  s tudy  team 

dur ing  t h i s  phase of t h e  s tudy.  

111. Desc r ip t ion  of  a r e a  

In g e n e r a l  terms,  t h e  a r e a  s tud ied  c o n s i s t s  o f  48,400 a c r e s .  Based on 

a e r i a l  photos taken  a s  l a t e  a s  September, 1975, t h e  t imber  s t and  cond i t i ons  

i n  t h e  s tudy  a r e a  were s t r a t i f i e d  a s  fol lows:  

1. Virg in  t imber  (most ly U.  S. Fores t  Serv ice  13% of  a r e a  

2. Grasslands ( p r a i r i e  s o i l s )  16% of  a r e a  

3. Oak woodland wi th  g r a s s  and some Douglas-f i r  17% of  a r e a  

4. Areas logged .more than  7 yea r s  ago and having 

a t  l e a s t  80% revegetated 23% of  area 

5 .  Areas logged more than  7 years  ago and having 

6 .  Areas logged wi th in  p a s t  7 yea r s  us ing  s e l e c t i o n  
o r  seed t r e e  c u t s  3% of  a r e a  

7. Areas logged w i t h i n  p a s t  7 yea r s  us ing  c l ea r - cu t  5% of a r e a  

E leva t ions  i n  t h e  s tudy  a r e a  range from 980 f e e t  t o  5400 f e e t  above 

sea  l e v e l .  Redwoods a r e  p r e s e n t  a t  t h e  lower e l e v a t i o n s ;  and t r u e  f i r  a t  

t h e  h igher  e l e v a t i o n s .  
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I V .  Source of Debris  & Sediments 

Roads, mass l a n d  movements, streams and logging sk idroads  were s t u d i e d  

a s  sources  o f  d e b r i s  and sediments.  The f ind ings  a r e  a s  fo l lows:  

1. Roads are major sources of e ros ion  and stream sediments.  During 

high flows, many of t h e  drainage f a c i l i t i e s  f a i l ,  r e s u l t i n g  i n  

road  washouts and acce l e ra t ed  stream channel and bank e ros ion  

F i g .  1 .  Severa l  c u l v e r t s  a r e  not  func t ioning  because of s i l t e d  

i n t a k e s ,  and very  few c u l v e r t s  have energy d i s s i p a t e r s  ( ~ i g .  2 ) .  

Also, many new c u l v e r t s  a r e  needed t o  prevent  e ros ion  of  t h e  road- 

way and undercut t ing  of  t h e  c u t  s lopes .  Old l o g  b r idges  a r e  de- 

t e r i o r a t i n g  and causing stream blockages. "Humboldt c ros s ings"  

( l o g s  l a i d  perpendicular  t o  t h e  road su r f ace  t o  a c t  a s  c u l v e r t s )  

a r e  no t  doing an adequate  job ( ~ i g .  3 ) .  

2 .  Landsl ides  and s l o p e  f a i l u r e s  along roads and s treams a r e  major 

sources  of  e ros ion  (F ig .  4 ) .  

3. Ephemeral streams a r e  gene ra l ly  clogged wi th  o l d  logging  d e b r i s  

( l o g s ,  chunks, and s l a s h )  which have a c t e d  a s  d e b r i s  catchment 

b a s i n s  ( p i g .  5 ) .  

4. Considerable  a c c e l e r a t e d  e ros ion  of s t ream banks i s  occu r r ing  

along intermittent streams (~ig. 6). Log jams have ac ted  t o  t r a p  

sediments and d i v e r t  waters  i n t o  e rod ib l e  stream banks, r e s u l t i n g  

i n  unde rcu t t i ng  and s lope  f a i l u r e s .  

5 .  Much o f  t h e  o l d e r  logging  i n  t h e  upper watershed s t a r t e d  i n  t h e  

e a r l y  1950 ' s .  The sk idroads  i n  t h e  o l d e r  logging  a r e a s  g e n e r a l l y  

had few, i f  any, waterbreaks.  However, most of  t h e  s k i d  roads  

have s t a b i l i z e d  o r  have been r evege ta t ed  wi th  g r a s s e s  and f o r b s .  

(F ig .  7 ) *  



6 .  I n  a r e a s  logged wi th in  t h e  pas t  7 yea r s ,  many waterbreaks on t h e  

s k i d  roads f a i l e d  r e s u l t i n g  i n  g u l l y  e ros ion  ( ~ i g .  8 ) .  

7. Non-logging a r e a s  inc lude  p r a i r i e  s o i l s ,  subd iv i s ions ,  and p u b l i c  

roads and right-of-ways, Areas which a r e  considered p r a i r i e  s o i l s  

( g r a s s l a n d s )  a r e  a c t i v e l y  moving and a r e  very  s e n s i t i v e  t o  water  

concen t r a t ions  such a s  c u l v e r t  outflows ( ~ i ~ .  9 1. 

There i s  i n  t h e  planning s t ages  a  proposed subdiv is ion  which w i l l  

involve  about  2,000 a c r e s  from Redwood Creek near  t h e  S t a t e  Highway 299 

up t h e  s lope  on t h e  e a s t  s i d e  of t h e  drainage and then  southward a long  

t h e  r i d g e  and extending down t h e  major s i d e  r idges  ( ~ i g .  1 0 ) .  Lot s i z e s  

w i l l  range between 20 t o  29 a c r e s  i n  s i z e .  Lots  w i l l  be  l o c a t e d  on moving 

p r a i r i e  s o i l s  and a r e a s  t h a t  have been converted from t imber land  t o  g r a s s .  

This  subd iv i s ion  could cause very  se r ious  downslope a c c e l e r a t e d  e ros ion  

problems. 

V. Mi t iga t ing  Measures 

Mi t iga t ing  recommendations a r e  a s  fol lows:  

1. Cor rec t ive  a c t i o n s  needed t o  m i t i g a t e  e ros ion  and sedimenta t ion  

caused by roads  inc lude :  

a .  Cleaning o u t  sediments and. logging d e b r i s  from i n t a k e  a r e a s  

near c u l v e r t s ,  

b. I n s t a l l i n g  drop i n l e t s  and concre te  headwells a t  some c u l v e r t  

i n l e t s  . 
c .  Replacing and/or adding l a r g e r  c u l v e r t s  a t  some l o c a t i o n s .  

d. Adding new c u l v e r t s  where road s u r f a c e s  o r  c u t  s l o p e s  a r e  

be ing  undercut  by excess ive  water .  

e .  I n s t a l l i n g  energy d i s s i p a t e r s  a t  o u t l e t s  of a l l  c u l v e r t s .  

f .  Replacing and i n s t a l l i n g  new b r idges  o r  l a r g e  a r c h  c u l v e r t s .  



g. Removing a l l  "Humboldt c ross ings"  and r ep lac ing  wi th  c u l v e r t s  

o r  b r idges .  

h. I n s t a l l i n g  downdrops on c u t s ,  f i l l s ,  and c u l v e r t s  when ac- 

c e l e r a t e d  e ros ion  i s  occuring.  

i. I n s t a l l i n g  c r ibb ing  on road f i l l s  where it i s  t h e  only  feas-  

i b l e  method of  reducing road s l . ipouts  and washouts. 

j. Line s i d e  d i t c h e s  i n t o  c u l v e r t s  where excess ive  e ros ion  of 

t h e  f i l l  m a t e r i a l  i s  occurr ing.  

k .  Grade roads  f o r  adequate drainage (outs loping  and r e d i r e c t i o n  

of  roads ide  drainageways a r e  needed).  

1. Rock road su r f aces  and roadway drainages.  

m. I n s t a l l  i n t e r c e p t o r  d i t c h e s  on t o p  of road c u t s  where exposed 

c u t s  a r e  subject t o  excessive su r f ace  runoff .  

2 .  Cor rec t ive  measures needed t o  reduce l a n d s l i d i n g  inc lude  i n s t a l l i n g  

o r  implementing t h e  fol lowing:  

a .  Lined i n t e r c e p t o r  d i t c h e s  above t h e  s l i d e .  

b .  Ter races  t o  d i v e r t  su r f ace  runoff .  

c .  Pipe drops t o  convey runoff  down t h e  s lope .  

d. Hor izonta l  d ra inage  we l l s .  

e .  Revegetat ion of t h e  l a n d s l i d e  su r f ace .  

f .  Cribbing t o  b u t t r e s s  t h e  t o e  o f  s l i d e s .  

3. I f  t h e  logging  d e b r i s  were t o  be removed from ephemeral s t reams,  

t h e  l a r g e  volumes of s t o r e d  sediments would be r e l e a s e d  a t  one 

t ime,  r e s u l t i n g  i n  a c c e l e r a t e d  e ros ion .  Therefore ,  it i s  g e n e r a l l y  

recoinmended t h a t  d e b r i s  from ephemeral s t reams not  be removed a t  

t h i s  t ime.  



4 .  I n  i n t e r m i t t e n t  s t reams,  l ogs  t h a t  cause bank e ros ion  should b e  

removed and r evege ta t ion  of t h e  stream channel undertaken where 

app ropr i a t e .  

5 .  Areas logged p r i o r  t o  seven yea r s  ago g e n e r a l l y  do n o t  r e q u i r e  

remedial  t rea tment  except where the  remedial  measures would cause 

a s u b s t a n t i a l  and o v e r a l l  decrease i n  e ros ion .  There a r e  a few 

g u l l i e d  s k i d  roads  where r e h a b i l i t a t i o n  could be cons idered;  

however, t h e  r e p a i r  of such g u l l i e s  by dozer work and waterbreaks 
-- - . .. 

might cause  a c c e l e r a t e d  erosion.  Since most s k i d  r o a d s  a r e  

reasonably  s t a b l i z e d ,  it i s  gene ra l ly  recommended t h a t  no cor-  

r e c t i v e  work be  undertaken a t  t h i s  t ime.  For a r e a s  logged l e s s  

than  seven y e a r s  ago, it would be b e n e f i c i a l  t o  r e p a i r  o r  in-  

s t a l l  new waterbreaks on t h e  sk id  t r a i l s .  

6 .  I n  non-logging a r e a s  t h e  pub l i c  and p r i v a t e  e n t i t i e s  should be 

encouraged t o  r e p a i r  non-functioning e ros ion  c o n t r o l  measures and 

t o  i n s t a l l  c o r r e c t i v e  devices .  

V I .  Cost o f  R e h a b i l i t a t i o n  Work 

Est imated c o s t s  of r e h a b i l i t a t i o n  work recommended i n  t h i s  r e p o r t  

w i l l  b e  approximately $2,b30,000. The sepa ra t e  c o s t s  a r e  summarized i n  

Table I'. The methods o f  expanding t h e  f i e l d  d a t a  t o  t h e  s tudy  a r e a  a r e  as 

fo l lows  : 

1. Roads - Est imated  number of  mi l e s  from 1975 a e r i a l  photographs.  

2. Lands l ides  - Est imated  number of s l i d e s  from "Eros iona l  Land 

Form Map o f  t h e  Redwood Creek Drainage Bas in ,  Humboldt County, 

C a l i f o r n i a  1947-74," by K. M. Nolan, D. R. Harden, and S. M. 

C o h a n ,  USGS J u l y  1976. 

3. Stream Log Jams - Estimated number from f i e l d  obse rva t ions .  



Table I 

COST ESTIIIATES FOR CORRECTIVE WORK NEEDED FOR THE REHABILITATtON OF THE 
UPPER ONE-TI4 I RD OF THE REDWOOD CREEK WATERSHED 

. C,  Bridges o r  Arch Culver ts  
D, Cr ibb ing 
E,  Road Rock Base 
F, Line s ide  d i t ches  t o  cu l ve r t s  
G ,  Revegetation 

. 

2. Down Drains 
3, Hidslope c o l l e c t i o n  

d i t ches  
4. Hor i zon ta l  b ra i ns  
5.  Hydroseeding 

8. Along Stream Banks 
1. I n t e r cep to r  Dltches 
2. Down Dra in  

III.S~REAH LOG JAMS 
A. Cut t Remove logs 
B. Revegetatlon o f  Stream 

Channel 

Subtota ls  

- - - 156,806 . 

6,700 

163,500 
100.00 

90 
40,000 

27 ac. 1,500 

3,000 103,000 41,500 

-- 
3 h a c  

L2 ,GOO 
100.00 

2,433,100 

LOO. 00 

13,500 

2,500 

16,000 

% Sub to ta l  Costs . 1 . 8 3  63.00 25.38 

I V .  SKI0 TRAILS 
A. Waterbar Repai r 
8. Revegetation o f  S k i d t r a i l s  

Subtota ls  

% Sub to ta l  Costs 
G W D  TOTALS 

I I I I I 

9.79 

--- 
7 - m  

91,500 

3.64 

7,000 

8,000 
19-05 
180,000 

4,000 ac. 
2,000 - 7 

7.41 % of T o t a l  Cost 

4,000 
9.52 

1,255 ,LOO 

11.03 

26,000 
61.91 

638,400 

4,000 
9-52 

268,100 



4. Skidroads - Estimated number of ac res  from preliminary photo 

i n t e rp r e t a t i on  of vegetation and land use condit ions i n  the  

redwood creek bas in  a s  of September 1975 as provided by t he  

National Park Service. The number of miles of skidroads per  

square mile by slope c l a s s  was provided by Dr.  J. M. Dodge 

based on recent  s o i l  erosion s tud ies  i n  the  Redwood Creek 

Basin. Skidroad conditions were based on f i e l d  observations. 

VII. Cost/Benefits for Recommended Treatments 

If all the corrective measures recommended in this report were to be 

accom~lished, then a 52 percent reduction of active sediment productfon 

would result (see Table 11). Active sediment production, as used in this 

table, means sediments and debris reaching water courses as differentiated 

from debris already in streams. 

- .- 

Table 11. Cost/Benefits for Recommended Treatments 

Estimated Estimated Cost 
'$ of Total Chance of Sediments Estimated Per % Sed5ment 

Sources of Sediment Success of Reduced by Cost of Reduction by 

Sediments by Source Treatment Treatment Treatment Treatment 

Roads 20 % -80 16 % $ 904,600 $56,530 

Mass Land 
Movements 60 * 30 18 1,323,000 73,330 

Stream Bank 
&  LO^ J ~ S  10 -90 9 163,500 18,170 

Skid Roads 10 90 9 42,000 4,670 

TOTAL 100 % --- 52 % $2,433,100 $46,730 



The most c o s t  e f f e c t i v e  t rea tment  i s  on skidroads and landings ;  

t h e  nex t  most c o s t  e f f e c t i v e  t rea tment  would be  i n  streams a n d  l o g  jams; 

t h e  t h i r d  i n  t h e  l i s t  of c o s t  e f f e c t i v e n e s s  t rea tment  i s  road r e p a i r ;  

and t h e  l e a s t  c o s t  e f f e c t i v e  t rea tment  would be t h e  t rea tment  of  mass l a n d  

movements. 

For t h e  p ro j ec t ed  work on skidroads and landings  t o  be e f f e c t i v e ,  t h e  

work should be done a s  soon a s  p0ssibl.e. Data 2eveloped dur ing  t h i s  s tudy  

i n d i c a t e s  t h a t  skidroad recovery i s  almost complete i n  twenty y e a r s ,  whi le  

6 y e a r  o l d  logging  a reas  r e q u i r e  a d d i t i o n a l  r e p a i r  work on 20 percent  of 

t h e  sk id roads ;  and a r e a s  logged two yea r s  ago r e q u i r e  up t o  70 percent  r e -  

h a b i l i t a t i o n  work of  sk idroads .  

V I I I .  L i s t s  o f  P a r t i c i p a n t s  and Sources of Information 

. .. . . - --- - .. . - , . -- . . . - - . . - - . . . . - - ~ -  ..- - - . --- 

P a r t i c i p a n t s  --- . - . . . i n  . . t h e  . . - F i e l d  - . - . . - . Evaluat ion -- Phase - of - - t h i s  Study-Were: 
. .. , . 

David Burns ( c o o r d i n a t o r )  C a l i f o r n i a  Div is ion  o f  F o r e s t r y  
P e r r y  Amirnoto C a l i f o r n i a  Div is ion  o f  Mines & Geology 
Steven V e i r s ,  Jr. National  Park Serv ice  
Gary L e s t e r  Nat iona l  Park Serv ice  

Persons  Contacted f o r  Ass i s t ance  and Informat ion  Were: 
.-- - - - -  ... - .  -- 

James Denny C a l i f o r n i a  Div is ion  of  F o r e s t r y  
Grant McClellan C a l i f o r n i a  Div is ion  of F o r e s t r y  
Jean S inde l  C a l i f o r n i a  Div is ion  o f  F o r e s t r y  
Roy flitchey California Division of Forestry 
Richard F o r e s t e r  C a l i f o r n i a  Department of F i s h  & Game 
Alf red  M e r r i l l  Louis iana  P a c i f i c  Corporat ion 
Lowell Chagman Arca ta  Redwood Company 
Herb Pe terson  Simpson Timber Company 
Car l ton  Yee Ph.D. Consul t ing P r o f e s s i o n a l  Forester & 

Hydrologis t  
E inar  Johnson Nat iona l  Park Se rv i ce  
Richard Janda Ph.D. U.  S. Geo1.ogical Se rv i ce  
Edward Lowe C a l i f o r n i a  Department of  T r a n s p o r t a t i o n  
Charles  Waaener C a l i f o r n i a  Div is ion  of F o r e s t r y  - 



Preliminary Draft 

Pig. 1. During high flows many culverts fail, resulting in road washouts and 
accelerated stream channel and bank erosion.. 



Prel iminary Draf t  

Fig.  2. Erosion caused by a  c u l v e r t  o u t l e t  w i th  no energy d i s s i p a t e r .  



Prel iminary Draft 

Fig.  3. An o l d  l o g  b r idge  which has co l lapsed  and i s  
causing stream blockages.  



Preliminary Draft 

Fig. 4. Landslides and slope failures along roads and 
streams are major sources of erosion. 



Prel iminary D r a f t  

Fig. 5 .  Ephemeral s t reams a r e  g e n e r a l l y  clogged wi th  o l d  logging  d e b r i s  
which have a c t e d  a s  d e b r i s  catchment bas ins .  



Preliminary Draft 

Fig.  6. Log jams have acted to trap sediments and divert 
waters into erodible stream banks. 



Prel iminary Draf t  

Fig. 7: The sk idroads  i n  t h e  o l d e r  logging a r e a s  g e n e r a l  
had f e w ,  i f  any,  waterbreaks.  However, most of  t h e  skid. 
roads have s t a b i l i z e d  o r  have been revegeta ted  wi th  g r a s s  
and f o r b s .  



Preliminary D r a f t  

Fig.  8. In areas logged recent1.y many waterbreaks on skid 
roads  failed. 



Preliminary Draft 

Fig. 9.  Areas which are considered prairie soils (grasslands ) 
are.actively moving. 



Preliminary Draft 

Fig. 10.. A,paved road in an area proposed for a subdivision is showing 
landslide cracks in this area of unstable prairie soils. 



ATTACHMENT "A" 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL S U R V E Y  

Water Resources D i v i s i o n  
345 Middle f ie ld  Road 
Menlo Park,, CA 94025 

January  31, 1977 

M r .  David M .  Burns 
F o r e s t e r  I11 
C a l i f o r n i a  D i v i s i o n  o f  F o r e s t r y  
13760 L i n c o l n  Way 
Auburn, CA. 95603 

Dear Dave, 

Given t h e  l i m i t e d  i n f o r m a t i o n  and t ime a v a i l a b l e  t o  you and P e r r y  
Amimoto, you d i d  a  thoroughly  commendable j o b  i n  e s t a b l i s h i n g  a 
working o u t l i n e  f o r  t h e  d e s i g n  o f  a  r e h a b i l i t a t i o n  program f o r  t h e  
upper t h i r d  of t h e  Redwood Creek b a s i n .  However, from my p a r t i c u l a r  
p e r s p e c t i v e  a s  a  s t u d e n t  o f  t h e  n a t u r a l  and man-induced h i l l s l o p e  and 
s t r e a m  channe l  p r o c e s s e s ,  I would l i k e  t o  s e e  t h a t  o u t l i n e  somewhat 
expanded and r e f i n e d  b e f o r e  i t  becomes t h e  f o u n d a t i o n  f o r  a  s p e c i f i c  
a c t i o n  program. I n  t h e  pa ragraphs  t h a t  f o l l o w  I s h a l l  d i s c u s s  f i v e  
g e n e r a l  a r e a s  of concern  t h a t  I have about  your  i n t e r i m  r e p o r t .  These 
concerns ,  i n  t u r n ,  l e a d  m e  t o  sugges t  t h a t  you c o n s i d e r  summarizing 
t h e  e n t i r e  proposed r e h a b i l i t a t i o n  program i n  a  map format  w i t h  a  s c a l e  
of n o t  l e s s  t h a n  1:24,000 (one i n c h  e q u a l s  2000 f e e t )  b e f o r e  fund ing  
and work s c h e d u l e s  a r e  f i r m l y  e s t a b l i s h e d .  S i x t e e n  more s p e c i f i c  
comments a r e  keyed by number t o  t h e  a c t u a l  t e x t .  C o n g r a t u l a t i o n s  on 
i n i t i a t i n g  a p o t e n t i a l l y  e x c i t i n g  demons t ra t ion  of some of t h e  e c o l o g i c  
and economic b e n e f i t s  a s s o c i a t e d  w i t h  wa te r shed  r e h a b i l i t a t i o n  i n  
n o r t h w e s t e r n  C a l i f o r n i a .  

Thank you f o r  e n c o r p o r a t i n g  i n t o  t h i s  d r a f t  t h e  e d i t o r i a l  change t h a t  
C a r l  Hauge forwarded t o  you concern ing  t h e  c i t a t i o n  of t h e  pho tograph ic  
i n f o r m a t i o n  used t o  s t r a t i f y  t h e  upper b a s i n  w i t h  r e g a r d  t o  t i m b e r  s t a n d  

cond i t i on .  Again, I should l ike  t o  apologize for being unable t o  
accompany you d u r i n g  your  f i e l d  i n s p e c t i o n  of t h e  s t u d y  a r e a .  I f u r t h e r  
a p o l o g i z e  f o r  b e i n g  s o  s low i n  g e t t i n g  t h e s e  comments t o  you. 

My f i r s t  concern  abou t  your  i n t e r i m  r e p o r t  i s  t h a t  some key e l e m e n t s  i n  
your d a t a  b a s e  may n o t  b e  developed i n  s u f f i c i e n t  d e p t h  and d e t a i l  t o  
a l l o w  f o r  a c c u r a t e  e s t i m a t i o n  of t h e  t r u e  magni tude of t h e  r e q u i r e d  
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r e h a b i l i t a t i v e  e f f o r t .  I am p a r t i c u l a r l y  concerned about  two fo rms  of  
l a r g e l y  p h o t o i n t e r p r e t i v e  map i n f o r m a t i o n  developed by t h e  G e o l o g i c a l  
Survey a t  a  s c a l e  of  1:62,500 (one i n c h  e q u a l s  approx imate ly  1 m i l e )  
and u t i l i z e d  i n  your  i n t e r i m  r e p o r t - - ( l )  a n  e r o s i o n a l  landform map 
r e l e a s e d  t o  t h e  o p e n - f i l e  i n  J u l y  of 1976,  and ( 2 )  a  working d r a f t  o f  
a map of  v e g e t a t i o n  and land-use  c o n d i t i o n s  which was forwarded t o  t h e  
P a r k  S e r v i c e  and o t h e r s  f a m i l i a r  w i t h  t h e s e  c o n d i t i o n s  f o r  t h e i r  r ev iew 
and comment b e f o r e  we developed a  f i n a l  map f o r  p u b l i c  r e l e a s e .  S c a l e  
l i m i t a t i o n s  a s s o c i a t e d  w i t h  t h e  e r o s i o n a l  landform map may r e s u l t  i n  
g r o s s l y  u n d e r e s t i m a t i n g  t h e  number of l a n d s l i d e s  t h a t  cou ld  b e  i n c l u d e d  
i n  t h e  r e h a b i l i t a t i o n  program, L a n d s l i d e s  less t h a n  200 f e e t  i n  w i d t h  
a r e  e i t h e r  i n c l u d e d  w i t h i n  t h e  " u n s t a b l e  streambanks" c a t e g o r y  on t h e  
e r o s i o n a l  landform map o r  are n o t  p o r t r a y e d  a t  a l l .  Although none of 
t h e s e  s m a l l  s l i d e s  i n d i v i d u a l l y  produce a  l a r g e  q u a n t i t y  of s e d i m e n t ,  
t h e i r  a g g r e g a t e  c o n t r i b u t i o n  i s  q u i t e  l a r g e .  Moreover, t h e  p r o b a b i l i t y  
of s u c c e s s f u l l y  s t a b i l i z i n g  many of t h e s e  r e l a t i v e l y  s m a l l  l a n d s l i d e s  
may b e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  a s s o c i a t e d  w i t h  some o f  t h e  l a r g e r ,  
more complex l a n d s l i d e s .  I n  p a s s i n g ,  I should  l i k e  t o  s a y  t h a t  you may 
a l s o  be  a b l e  t o  improve your e s t i m a t e  of t h e  amount of e f f o r t  t h a t  c o u l d  
b e  d i r e c t e d  toward l a n d s l i d e  s t a b i l i z a t i o n ,  i f  you were t o  s u b d i v i d e  your  
s l i d e  c a t e g o r y  i n t o  more t i g h t e r  d e f i n e d  s u b c a t e g o r i e s  such  a s  deep-sea ted  
t r a n s l a t i o n a l - r o t a t i o n a l  s l i d e s ,  e a r t h f l o w s ,  shal low-seated d e b r i s  s l i d e s ,  
e t c .  Such a  s u b d i v i s i o n  would a l s o  a l l o w  you t o  sharpen your  e s t i m a t e  o f  
t h e  p r o b a b l e  s u c c e s s  of proposed s t a b i l i z a t i o n  measures.  

Many of  t h e  l i m i t a t i o n s  a s s o c i a t e d  w i t h  o u r  p r e l i m i n a r y  l and  and v e g e t a t i o n  
c o n d i t i o n s  map a r e  i n d i c a t e d  on i t s  accompanying e x p l a n a t i o n ;  a  copy o f  
t h i s  e x p l a n a t i o n  i s  e n c l o s e d  f o r  your  r e f e r e n c e .  The map u n i t s  were  
s e l e c t e d  i n  p a r t  i n  a n  a t t e m p t  t o  c o n t r a s t  v e g e t a t i o n  c o n d i t i o n s  i n  1968 ,  
a t  t h e  t ime  Redwood N a t i o n a l  P a r k  was e s t a b l i s h e d ,  w i t h  t h o s e  c o n d i t i o n s  
t h a t  e x i s t  ' today" ( i . e . ,  1975) .  U n f o r t u n a t e l y ,  1968 photographs  were  n o t  
a v a i l a b l e  f o r  t h e  upper  b a s i n .  The p o i n t  t o  be s t r e s s e d  h e r e  is  t h a t  t h e  
map u n i t s  i n  t h e  upper b a s i n  ( i . e . ,  t h e  a r e a  of immediate concern  i n  y o u r  
i n t e r i m  r e p o r t )  were  s e p a r a t e d  on t h e  b a s i s  of i n t e r p r e t a t i o n s  of  t h e  t ime  
s i g n i f i c a n c e  of t h e  d e g r e e  o f  v e g e t a t i o n  and ground s u r f a c e  d i s r u p t i o n  w i t h -  
i n  d i f f e r e n t  h a r v e s t  u n i t s  v i s i b l e  on 1970 a e r i a l  photographs .  Thus ,  t o  
t u r n  t h e  argument around and t o  i n f e r  t h a t  l i t t l e  d i s r u p t i o n  r e m a i n s  a f t e r  
seven  y e a r s  approaches  c i r c u l a r  r e a s o n i n g .  

The map u n i t s  do indeed  s e p a r a t e  areas c h a r a c t e r i z e d  by d i f f e r i n g  levels of 
d i s r u p t i o n  and may, t h e r e f o r e ,  b e  u s e f u l  i n  the  e a r l y  p l a n n i n g  p h a s e s  o f  a 
r e h a b i l a t a t i v e  e f f o r t .  However, t h e  u n i t s  a r e  d e f i n e d  p r i m a r i l y  i n  t e r m s  
of  t h e  p e r c e n t  of  a n  a r e a  covered  by b a r e  m i n e r a l  s o i l ;  t h e y  a r e  n o t  d e f i n e d  
i n  terms of type  o r  i n t e n s i t y  of  e r o s i o n  w i t h i n  t h o s e  b a r e  s o i l  a r e a s .  
Thus, t h e  map u n i t s  a d d r e s s  themse lves  more t o  t h e  i s s u e  of r e - s t o c k i n g  and 
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r e v e g e t a t i o n  t h a n  t o  t h e  i s s u e  of e r o s i o n a l  s t a b i l i z a t i o n .  These two 
i s s u e s ,  w h i l e  c l o s e l y  r e l a t e d ,  a r e  n o t  i d e n t i c a l  because  a r e l a t i v e l y  
l a r g e  amount of e r o s i o n  can  occur  i n  a  r e l a t i v e l y  s m a l l  unvege ta ted  a r e a .  
Our e x p e r i e n c e  s u g g e s t s  t h a t  even immediately f o l l o w i n g  t i m b e r  h a r v e s t ,  
e r o s i o n  t e n d s  t o  be c o n c e n t r a t e d  i n  d i s c r e t e  a r e a s  of l i m i t e d  e x t e n t  
( f o r  example ,  g u l l i e d  s k i d  t r a i l s ,  s loughed road c u t s ,  d e b r i s  ava lanche  
t r a c k s ,  e t c . )  r a t h e r  t h a n  b e i n g  wide ly  d i s t r i b u t e d  o v e r  t h e  e n t i r e  
h a r v e s t e d  a r e a .  Moreover,  t h e s e  a r e a s  of c o n c e n t r a t e d  e r o s i o n  t e n d  t o  
b e  a r e a s  t h a t  a r e  most s l o w l y  r e v e g e t a t e d .  T h e r e f o r e ,  a r e a s  t h a t  a r e  
80% o r  more r e v e g e t a t e d ,  may s t i l l  b e  a c t i v e l y  e r o d i n g  a s  a consequence 
of t i m b e r  ha rves t - induced  ground s u r f a c e  d i s r u p t i o n .  Another  f a c t o r  t o  
c o n s i d e r  i s  t h a t  much of  t h e  e a r l i e r  l o g g i n g  was c a r r i e d  o u t  i n  a  more 
d i s r u p t i v e  manner t h a n  t h a t  a s s o c i a t e d  w i t h  more r e c e n t  l o g g i n g .  These 
c o n s i d e r a t i o n s  l e a d  me t o  s u g g e s t  t h a t  by r e s t r i c t i n g  r e h a b i l i t a t i v e  
e f f o r t s  on s k i d  t r a i l s  t o  o n l y  t h e  approx imate ly  8% of  t h e  t o t a l  a r e a  
(4000 a c r e s )  t h a t  was "logged w i t h i n  t h e  p a s t  7 y e a r s "  and n e g l e c t i n g  
t h e  46% of t h e  t o t a l  a r e a  t h a t  was "logged more t h a n  7 y e a r s  ago",  you 
may b e  u n d e r e s t i m a t i n g  t h e  amount of  r e h a b i l i t a t i v e  e f f o r t  t h a t  cou ld  
be  d i r e c t e d  towards  r e d u c i n g  s k i d  t r a i l  e r o s i o n .  I b e l i e v e  t h a t  reha-  
b i l i t a t i v e  e f f o r t s  c o u l d  p r o f i t a b l y  be  c a r r i e d  o u t  w i t h i n  much of  t h e  
23% of  t h e  t o t a l  a r e a  t h a t  was a p p a r e n t l y  logged more t h a n  7  y e a r s  ago  
and i s  s t i l l  l e s s  t h a n  80% r e v e g e t a t e d .  

Two p o s s i b l e  a r e a s  of  r e h a b i l i t a t i v e  work t h a t  a r e  n o t  i n c l u d e d  i n  your  
r e p o r t ,  b u t  t h a t .  I b e l i e v e  could s u b s t a n t i a l l y  r educe  long-term sediment  
y i e l d s  from t h e  upper Redwood Creek b a s i n  a r e  ( 1 )  s t a b i l i z a t i o n  of  
l a n d s l i d e s  and g u l l i e s  a t t r i b u t a b l e  t o  S t a t e  Highway 299,  and ( 2 )  removal 
of s e l e c t e d  accumula t ions  o f  woody d e b r i s  and t r a p p e d  sediment  a l o n g  
Redwood Creek and o t h e r  p e r e n n i a l  s t r e a m s .  S i m i l a r l y ,  s t a b i l i z a t i o n  of 
man-induced g u l l i e s  i n  p r a i r i e s  does n o t  appear  t o  have been g iven  a s  
much emphasis a s  t h e  impor tance  of t h i s  sediment-producing p r o c e s s  would 
w a r r e n t .  

Another a r e a  of concern  i s  t h a t  your i n t e r i m  r e p o r t  does  n o t  a d d r e s s  
i t s e l f  t o  t h e  t i m i n g  of t h e  v a r i o u s  proposed work a c t i v i t i e s .  I f  t h e  
r e h a b i l i t a t i v e  program i s  t o  reduce  s u c c e s s f u l l y  t h e  long- term sediment  
y i .e ld  from t h e  upper  b a s i n ,  and a t  t h e  same t i m e  n o t  c a u s e  an u n d e s i r a b l y  
l a r g e  impact upon p r e s e n t  s t r e a m  sediment l o a d s ,  t h e  proposed a c t i v i t i e s  
shou ld  be  d i s p e r s e d  i n  b o t h  space  and t ime.  T h e r e f o r e ,  I t h i n k  t h a t  your  
report  shou ld  a d d r e s s  i t s e l f  t o  t h e  f o l l o w i n g  q u e s t i o n s :  Over what time 
p e r i o d  w i l l  t h e  program be c a r r i e d  o u t ?  I n  what sequence  shou ld  p a r t i c -  
u l a r  a c t i v i t i e s  b e  c a r r i e d  o u t ?  How w i l l  t h e  r e h a b i l i t a t i v e  e f f o r t  b e  
c a r r i e d  o u t  i n  r e l a t i o n  t o  o t h e r  l and  management a c t i v i t i e s  s u c h  a s  
convers ion  of r emain ing  o l d  growth,  r e - l o g g i n g ,  t h i n n i n g ,  hardwood 
c o n t r o l ,  e t c . ?  



M r .  David M .  Burns - 4 -  January  31 ,  1977 

A p o t e n t i a l  p i t f a l l  i n  a t t e m p t i n g  t o  p l a n  a  r e h a b i l i t a t i v e  e f f o r t  on t h e  
b a s i s  of l i m i t e d  sampl ing of examples of d i f f e r e n t  v e g e t a t i o n  map u n i t s  
i s  t h a t  a  s u b s t a n t i a l  number of  t h e  a n t i c i p a t e d  problems may occur  a t  
si tes t h a t  a r e  n o t  r e a d i l y  a c c e s s i b l e  by f u n c t i o n i n g  r o a d s .  I n  t h e s e  
s i t u a t i o n s ,  one must t h e n  s t r u g g l e  w i t h  a  group of c l o s e l y  r e l a t e d  
q u e s t i o n s .  Is t h e  reopen ing  of a  p r e v i o u s l y  e s t a b l i s h e d  road  o r  t h e  
c o n s t r u c t i o n  of a  new road  l i k e l y  t o  ca.use more e r o s i o n  t h a n  t h a t  
a s s o c i a t e d  w i t h  p r e s e n t l y  i n a c c e s s i b l e  e r o s i o n  problems t a r g e t e d  f o r  
r e h a b i l i t a t i o n ?  W i l l  a  new o r  re-opened road b e  r e q u i r e d  anyway i n  o r d e r  
t o  c a r r y  o u t  some o t h e r  management o b j e c t i v e  such a s  hardwood c o n t r o l  o r  
t h i n n i n g ?  Given t h e  complex p a t t e r n  of ownership i n  t h e  upper  b a s i n ,  i t  
might b e  p r o f i t a b l e  t o  c o n s i d e r  e s t a b l i s h i n g  an i n t e g r a t e d  r o a d n e t  t h a t  
would s e r v e  t h e  needs  of a l l  l a n d  and t imber  owners and s t i l l  minimize  
t h e  t o t a l  m i l e s  of r o a d s  i n  t h e  b a s i n .  

I f  your  f i n a l  recommendations a r e  made on a  more s i t e  s p e c i f i c  b a s i s ,  and 
summarized i n  t h e  map fo rmat  t h a t  I sugges ted  e a r l i e r ,  I b e l i e v e  t h a t  t h e  
t o t a l  e s t i m a t e d  c o s t  of  r e h a b i l i t a t i o n  would go up d r a m a t i c a l l y ,  and t h a t  
many more o p p o r t u n i t i e s  f o r  hand l a b o r  would emerge. I n  a s s e s s i n g  t h e  
f e a s i b i l i t y  o f  p r e s e n t i n g  t h e  r e h a b i l i t a t i o n  p l a n  i n  a  map f o r m a t ,  i t  may 
b e  u s e f u l  t o  r e a l i z e  t h a t  o u r  Topographic D i v i s i o n  does have f o r  p u b l i c  
d i s t r i b u t i o n  p r e l i m i n a r y  7-1/2 minu te  1 :24,000 t o p o g r a p h i c  maps o f  t h e  
e n t i r e  upper  Redwood Creek b a s i n .  Perhaps  one o r  two q u a d r a n g l e s  c o u l d  
b e  used a s  a d e m o n s t r a t i o n .  

My numbered comments and a  Xerox copy of your r e p o r t  a r e  enc losed  a s  
s e p a r a t e  a t t a c h m e n t s .  

I hope t h a t  t h e s e  comments a r e  u s e f u l  and t h a t  they  do n o t  open t o o  many 
"cans of worms" f o r  you.  I f  you t h i n k  t h a t  I could  be of some h e l p  i n  
p u t t i n g  some of  t h o s e  "worms" on t h e i r  p roper  hooks ,  p l e a s e  w r i t e .  

S i n c e r e l y  y o u r s ,  

Richard  J. ~ a n d a  
G e o l o g i s t  

Enc losures  

c c :  P e r r y  Y.  Amimoto 
L a r r y  E .  Richey 



COMMENTS KEYED BY NUMBER TO TEXT 

Note: Some a d d i t i o n a l  remarks a r e  w r i t t e n  d i r e c t l y  on t h e  page margins .  

I . )  It would be d e s i r a b l e  e a r l y  i n  t h e  r e p o r t  t o  p r e s e n t  a n  e x p l i c i t  
s t a t e m e n t  o f  t h e  r e p o r t  and program o b j e c t i v e s .  The r e p o r t  i m p l i e s  
t o  me t h a t  t h e  o b j e c t i v e  of t h e  proposed program i s  t o  enhance t h e  
p r o d u c t i v i t y  of commercial t imber  land and t o  l e s s e n  t h e  long-term 
sediment  y i e l d  from upper Redwood Creek w h i l e  a t  t h e  same t ime  n o t  
s i g n i f i c a n t l y  add ing  t o  t h e  p r e s e n t l y  h i g h  s t r e a m  sediment  l o a d s .  

2 . )  You may want t o  r e f e r  t o  t h e s e  t h r e e  companies n o t  a s  "major" land-  
owners ,  b u t  r a t h e r  a s  " t h e  t h r e e  ownerships immediate ly  a d j a c e n t  t o  
the park" because two ownerships  w i t h i n  your  upst ream s t u d y  a r e a  are 
a c t u a l l y  c o n s i d e r a b l y  l a r g e r  t h a n  ARCO. 

3 . )  You may want t o  ment ion t h a t  your Category 7 ( o u r  C a t e g o r i e s  9  and 10) 
i n c l u d e s  r e l o g g i n g  o p e r a t i o n s .  

4 . )  Redwoods occur  o n l y  as a  few s c a t t e r e d  trees i n  t h e  downstream end of 
your s t u d y  a r e a .  I b e l i e v e  t h a t ,  a l though  your  d e s c r i p t i o n  does n o t  
ment ion t h e  Douglas-fir-dominated t imber  t y p e ,  i t  i s  t h e  most p r e v a l e n t  
t imber  t y p e  w i t h i n  your  s t u d y  a r e a .  A d d i t i o n a l l y ,  w h i l e  i t  i s  t r u e  
t h a t  t r u e  f i r s  ( i n  p a r t i c u l a r  w h i t e  f i r )  do occur  a t  h i g h e r  a l t i t u d e s  
w i t h i n  t h e  b a s i n ,  t h e y  a r e  never  t h e  dominant v e g e t a t i o n  form, r a t h e r  
t h e y  occur  a l o n g  w i t h  i n c e n s e  c e d a r ,  Douglas - f i r ,  and o t h e r  c o n i f e r s .  
Perhaps  a  more c o r r e c t  d e s i g n a t i o n  f o r  t h e  i n l a n d  t i m b e r  t y p e  is  
"mixed c o n i f e r t 1 .  

I n  d i s c u s s i n g  t h e  s e t t i n g  of t h e  a r e a ,  I t h i n k  t h a t  i t  would be  h e l p f u l  
t o  add some b r i e f  comments about  t h e  bedrock ,  s o i l s ,  and h i l l s l o p e  and 
channe l  morphology because  t h e s e  f e a t u r e s  p l a c e  c o n s t r a i n t s  on t h e  t y p e s  
of d e s i r a b l e  r e h a b i l i t a t i v e  e f f o r t s .  

5 . )  You may a l s o  want t o  a l l u d e  t o  e r o s i o n  from road s u r f a c e s  and d r a i n a g e  
d i t c h e s  i n  t h a t  main tenance ,  wet weather  u s e ,  and f reeze- thaw c y c l e s  
t end  t o  make t h e s e  impac t s  on s t ream sediment l o a d s  q u i t e  p e r s i s t e n t .  

Perhaps  you shou ld  d i s c u s s  e r o s i o n  induced by t h e  o l d  and new r o u t e s  
of S t a t e  Highway 299 a s  s e p a r a t e  from t h a t  induced by t i m b e r  a c c e s s  
and ranch r o a d s .  

Some d i s c u s s i o n  of maintenance of e x i s t i n g ,  r e h a b i l i t a t e d ,  and proposed 
r o a d s  would a l s o  be  u s e f u l  because  w i t h o u t  p roper  c o n t i n u o u s  maintenance 
much of t h e  road r e h a b i l i t a t i o n ,  program would be f u t i l e ,  

6 . )  I t h i n k  t h a t  you may a b l e  t o  e s t i m a t e  more p r e c i s e l y  t h e  magnitude o f  
t h e  proposed r e h a b i l i t a t i v e  e f f o r t  f o r  l a n d s l i d e s ,  i f  your  broad 
c a t e g o r y  of l a n d s l i d e s  i s  subd iv ided .  Such  a  s u b d i v i s i o n  may a l s o  
l e a d  t o  a more complete  e s t i m a t e  of t h e  l i k e l i h o o d  of s u c c e s s  f o r  



6 . )  continued-- v a r i o u s  proposed a c t i v i t i e s .  Some of  t h e  s u b d i v i s i o n s  
may b e  (1) deep t r a n s l a t i o n a l  o r  r o t a t i o n a l  s l i d e s ,  ( 2 )  e a r t h f l o w s ,  
(3) s h a l l o w  s t r e a m s i d e  d e b r i s  s l i d e s ,  ( 4 )  road- re la ted  d e b r i s  s l i d e s  
and a v a l a n c h e s ,  and ( 5 )  road d r a i n a g e - r e l a t e d  d e b r i s  t o r r e n t s .  

7 . )  Although t h i s  i s  d e s c r i b e d  a s  a  "sink" r a t h e r  t h a n  a s  a s o u r c e ,  
t h e s e  d e b r i s  jams cou ld  w e l l  become a  major source  of sediment  i n  
t h e  f u t u r e  a s  t h e y  become r o t t e n  o r  a r e  p h y s i c a l l y  removed by s t o r m  
r u n o f f .  Pe rhaps ,  i t  would be  wise  t o  i n s p e c t  and i n v e n t o r y  t h e  
c o n d i t i o n  o f  t h e  major jams; then  you may want t o  c o n s i d e r  p e r i o d i c  
removal of s e l e c t e d  jams s o  a s  t o  r e s u l t  i n  a  c o n t r o l l e d ,  t imed  
r e l e a s e  of t h e  s t o r e d  sed iment .  Such a  c o n t r o l l e d  r e l e a s e  would 
s u b s t a n t i a l l y  l e s s e n  t h e  p o t e n t i a l  f o r  a  d r a m a t i c ,  damaging sudden 
r e l e a s e  of s t o r e d  sed iment .  

8.) When a l l  t h e  f u n c t i o n s  of t h e  v a r i o u s  jams are c o n s i d e r e d ,  i t  w i l l  
p robab ly  s u g g e s t  t h a t  some jams should remain i n  p l a c e .  For  example ,  
some jams have had a  s t a b i l i z i n g  i n f l u e n c e  i n  t h a t  t h e y  have 
a t t e n u a t e d  t h e  d e b r i s  a s s o c i a t e d  w i t h  d e b r i s  t o r r e n t s ,  and have 
d i s s i p a t e d  f l o o d  e n e r g y , ( v e l o c i t y ) .  Others  p rov ide  s t a b l e  h a b i t a t  
n i t c h e s  f o r  b e n t h i c  organisms and s h e l t e r  f o r  f i s h .  

9 . )  While i t  is  t r u e  t h a t  "most" of t h e  s k i d  t r a i l s  a r e  now s t a b l e ,  i t  
i s  a l s o  impor tan t  t o  r e a l i z e  t h a t  some of t h e  s k i d  t r a i l s  t h a t  deve lop  
t h e  most s e r i o u s  e r o s i o n  problems a r e  s t i l l  a c t i v e l y  e r o d i n g .  Even i n  
r e c e n t l y  h a r v e s t e d  a r e a s  t h e  e r o s i o n  i s  u s u a l l y  c o n c e n t r a t e d  a l o n g  a  
few s k i d  t r a i l s  r a t h e r  t h a n  b e i n g  d i s p e r s e d  evenly  th roughout  t h e  
e n t i r e .  u n i t .  

10 . )  I a g r e e ,  and t h e s e  a r e a s  a r e  indeed major s o u r c e s  of sediment  t o  t h e  
c r e e k .  However, t h e y  a r e  n o t  included i n  S e c t i o n  V ,  Table  1. T h i s  
could probably  be a  ve ry  c o s t - e f f e c t i v e  program. 

1 1 . )  It may be a p p r o p r i a t e ,  i f  n o t  h e r e  then i n  S e c t i o n  V ,  t o  i n d i c a t e  
ways of m i t i g a t i n g  t h e  p o t e n t i a l  impact of t h e  proposed s u b d i v i s i o n .  

1 2 . )  I n  many c a s e s  add ing  more c u l v e r t s  would be  u s e f u l  i n  o r d e r  t o  
minimize d r a i n a g e  c o n c e n t r a t i o n .  

1 3 . )  Much of  t h i s  work could be coord ina ted  wi th  o t h e r  t y p e s  of management 
a c t i v i t y .  

1 4 . )  A few g e n e r a l  comments and r e a c t i o n s  t o  Table  1. ( a )  The r o a d  
mileage and a r e a s  of s t reambanks needing r e v e g e t a t i o n  seem low. 
(b) There  seems t o  be a  s t r o n g  b i a s  towards  use  of heavy 
equipment.  (c)  What about  a d d r e s s i n g  r e h a b i l i t a t i o n  o f  fo rmer  
l a n d i n g s ?  (d)  What i s  t h e  b a s i s  f o r  t h e  numbers p r e s e n t e d  i n  t h e  
second and t h i r d  column of Tab le  2 on Page 91 I probab ly  would have 

chosen s l i g h t l y  d i f f e r e n t  v a l u e s .  ( e )  Cos t s  a r e  computed f o r  t rea t -  
i n g  s k i d  t r a i l s  on o n l y  8 p e r c e n t  of t h e  t o t a l  a r e a  whereas some 
t r e a t m e n t  could  p r o f i t a b l y  be addressed  t o  an a d d i t i o n a l  23  p e r c e n t  
of t h e  a r e a .  



15.)  I n  d e s i g n i n g  your  sediment r e d u c t i o n  program and a s s e s s i n g  t h e  c o s t -  
e f f e c t i v e n e s s  o f  t h a t  program, I t h i n k  t h a t  some more c o n s i d e r a t i o n  
s h o u l d  be  d i r e c t e d  towards a l l  t h e  v a r i o u s  t y p e s  o f  mass movement 
a c t i v i t y ,  and t h e  ways i n  which they  d e l i v e r  sediment  t o  t h e  c reek .  

16 . )  What i s  t h e  t i m e  f rame over  which t h i s  r e d u c t i o n  w i l l  be  e f f e c t i v e ?  
I t h i n k  t h a t  t h e  program may reduce t h e  long- term sediment  l o a d s  
o f  t h e  c r e e k  b u t  n o n e t h e l e s s  i t  i s  impor tan t  t o  r e a l i z e  t h a t  w h i l e  
work is  i n  p r o g r e s s  t h e r e  may be a s i g n i f i c a n t  s h o r t - t e r m  i n c r e a s e  
i n  sediment  y i e l d ,  a t  l e a s t  on a  l o c a l  b a s i s .  

17 . )  I do n o t  c o n s i d e r  myself competent t o  a d d r e s s  myself  t o  any of t h e  
d o l l a r  i s s u e s  invo lved  i n  your  p roposa l .  
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Prel iminary  U r a r C  

This  i s  an in te r im r e p o r t  of  a study t o  develog a  f e a s i b l e  and. c o s t /  

e f f e c t i v e  r e h a b i l i t a t i o n  program t o  reduce t h e  a c c e l e r a t e d  e ros ion  corn- 

i n g  frola numerous eros ion sources c rea ted  over t h e  yea r s  i n  t h e  u;?strem 

d r a i n a ~ e  of  Re6wood Creek Easin. This study was au thor ized  by t h e  

Sec re ta ry  of Resources C l a i r e  Dedrick and t h e  Di rec to r  of  Conser-ration 

L. A. %loran. 

This  r e p o r t  desc r ibes  t h e  b a s i c  physica l  f a c t s  as t h e y  p r e s e n t l y  

e x i s t  i n  t h e  upper watershed of Redwood Creek b a s i n .  No a t t e x p t  was 

made t o  r e l e t e  t h e  p h y s i c a l  problems t o  e x i s t i n g  o r  p a s t  land owner- 

s h i p  p a t t e r n s .  The l a i d  ownership has changed over t h e  y e a r s  s i n c e  

t h e  f i rs t  logging took p l a c e  and t h e r e  i s  not n e c e s s a r i l y  any corre-  . . 
l a t i o n  t o  t h e  c ~ n d i t i o n s  on t h e  ground and t h e  p resen t  l a d o - m e r s '  

a c t i v i t i e s ,  nor i s  t h e r e  any c o r r e l e t i c n  i n  r ega rd  t o  t h e  e f f e c t s  of 

cu r ren t  logging p r a c t i c e s  and p a s t  logging p r a c t i c e s .  

It should be noted t h a t  physica l  problems occuring i n  t h e  upper 

Redwood Creek Basin a r e  not  un l ike  p r o b 1 . a ~  found i n  o t h e r  dra inages  

previous ly  logged wi th  similar geology and timber types  i n  t h e  North 

Coast Region. The s tudy a t  t h i s  t ime has not  covered t h e  lower por- 

t i o n  of Redwood Creek nea r  t h e  National  Park i n  t h e  redwood type .  

l 'his r e p o r t  was prepared  under t h e  d i r e c t i o n  of  ljsvid Surns,  

Ca l i fo rn iz  Division of Fores t ry ,  and Perry  hirnoto, C a l i f o r n i a  D i -  

v i s i o n  of Fines  and Geology. 

L. E. RIClIEY 
S t n t e  F'orcste J 



Interim Report: Corrective Work Needed f o r  the Rehabi l i ta t ion of  t h e  
Headwaters of t h e  Redwood Creek Watershed 

BY 
David M. ~ u r n G /  & Perry Y. I\rnimobs/ 

The study concludes tha t  the cost of . rehabi l i ta t ion work t o . r e d u c e  

erosion i n  t h e  upper wat&rshed of Redwood Creek w i l l  be approximately 

$2,430,000 o r  about $50/acre. - 

This  study was authorized by S t a t e  Forester  L. E. Richey. The pur- 

I pose was t o  look i n t o  the  needs and f e a s i b i l i t y  of the  r e h a b i l i t a t i o n  of 

Redwood Creek and t o  make recommendations f o r  cost  effect iveness .  

Meetings were held with representat ives  of the  la rger  timber owners 

wi th in  the watershed. Representat ives 'of  t h e  Redwood Nat iond  Park and 

U. S. Geological Survey who have intimate knowledge of Redwood Creek were 
.* 

advised of t h e  s tudy  and asked f o r  t h e i r  inputs.  All represen ta t ives  were 

- inv i ted  t o  pa r t i c ipa t e  i n  t h e  f i e l d  work. 
. . 

bo~ih 
Since t he  Redwood Creek drainage is 154,000 acres,  it was decided t o  

4 
block t h e  drainage i n t o  3 areas  and sample within one area  a t  a time. Of 

t h e  t h r ee  areas ,  two a r e  na r th  of State  ~ i g h w a ~  299, while t h e  t h i r d  study 

area, representing approximately one-third of the  t o t a l  drainage, i s  loca ted  

i n  t he  headwaters of Redwood Creek south of  S t a t e  Highway 293. Other c r i t e r i a  

se lec t ion  of  areas t h a t  had been logged o r  d i s t u r b e d  

p r io r  t o  January, 1575 (new Forest  Prac t ice  Rules e f fec t ive  d a t e ) ;  2) l and  . _  
oTqner's approval o r  permission; and 3) access i%il i . ty  and t h i n  d hq b . 9 ; ~  

Lee*\ ~l.firb!,~di~ 

Considering these  c r i t e r i a  and the  mult iple  law s u i t s  which a r e  i n  

progress irivolving the  three major landowners, t he  study team was prc- 0 
eluded from working on lands of t h e  la rger  landowners. It was decided 

r t r  I CDF 



Preliminary Drnf t  

t o  s t a r t  t h e  r e h a b i l i t a t i o n  s tudy i n  t h e  l e a s t  c o n t r o v e r s i a l  a r e a .  This  

was aff irmed i n  t h e  S t a t e  F o r e s t e r  L. E. Richey's l e t t e r  of  September 7 ,  

1976 t o  Di rec to r  L. A. Moran i n  whi.ch t h e  i n i t i d  s tudy a r e a  was l i m i t e d  

t o  t h e  headwaters of Redwood Creek south o f  S t a t e  Highway 299. 

During t h e  week of  September 20, 1976, David burns,  F o r e s t e r  I11 of 

t h e  Gal-ifornia ~ i v i s i o n '  o f  F o r e s t r y ,  Perry  Amiraoto, Zngineering Geologis t  

o f  Divis ion  of Mines and Geology, Steven Veirs  and Gary L e s t e r  of National  

Park Service studied and sampled subareas in the upper watershed of P,ed\rood 

Creek. No company o r  i n d u s t r i a l  r e p r e s e n t a t i v e s  accompanied t h e  s tudy t e r n  

dur ing  t h i s  phase of t h e  study. 

111. Descr ip t ion  of Area 

I n  terms,  t h e  a r e a  s tud ied  c o n s i s t s  of 48,400 a c r e s .  Based 

d i t i o n s  i n  t h e  s tudy a r e &  were s t r z t i f i e d  a s  fol lows:  
?$i.p&, 

1. Virgin  t imber  (mostly U.  S. Fores t  Service  13% o f  a r e a  1 

2. Grasslands ( p r a i r i e  s o i l s )  

3. Oak woodland wi th  g r a s s  and some Douglas-fir 1'7% of  a r e a  3 

4. Areas logged more than  7 years  ago and having 
a t  l e a s t  80% of t h e  a r e a  revegeta ted  23% o f  a r e a  4.+c 

5. 'Areas logged a c r e  than 7 yea r s  ago with l e s s  
than 80 percen t  r evege ta t ion .  ' 23% of a r e a  b * 7  

6 .  Areas logged wi th in  p a s t  7 yea r s  us ing s e l e c t i o n  
o r  seed t r e e  c u t s  3% of a r e a  8 

7. Areas logged w i t h i n  p a s t  7 years  us ing c lea r -cu t  5% of area cj+ / 0 

I Elevations i n  t h e  s tudy a r e a  range from 980 f e e t  t o  5400 f e e t  above 

sea, l e v e l .  Redwoods a r e  p resen t  a t  t h e  lower e l eva t ions ;  and t r u e  f i r  a t  

t h e  higher e l eva t ions .  
I 
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IV. Source of Debris & Sediclents 

I Roads, mass land movements, streams and I.o&ging skidroads were s tud ied  

I as sources of debr i s  and sediments. The f indings  a r e  as  fol lows: 

1. Roads are major sources of erosion and stream sediments. h r i n g  

I fib em* 
b T b  :0@iG high flows, m n y  of t h e  drainage f a c i l i t i e s  f a i l ,  r e s u l t i n g  i n  
'be~bac D+ 

AI ~lnl%% ,D,, , road washouts and acce le ra ted  stream channel and bank e rcs ion  Ode pnvtf' 

6'7 3 ' .  1 .  Several  c u l v e r t s  a r e  not  functioning because of 

u I in takes ,  and very f e w  cu lve r t s  have energy d i s s i p a t e r s  (Fig .  2 ) .  

Alsc, nany nev c u l v e r t s  a r e  needed t o  prevent eros ion of t h e  road- 

! .way and undercutt ing of t h e  cu t  slopes.  Old l og  b r idges  a r e  de- 

t e r i o r a t i n g  ~ n d  causing stream blockages. "Humboldt crossings" 

( logs  l a i d  perpendicular  t o  t he  road surface  t o  a c t  a s  c u l v e r t s )  

&-C ii~t ZE ~ z e q * ~ s $ e  z ~ k  ( ~ 2 ~ .  3 ) .  

L- 
r C A m 4  u-4- 

2. Landslides u r e g  along roads and streams a r e  ~ a j o r  

I sources of erosion ( ~ i ~ .  4 ) .  a 3. @hec,eral streants e r e  ~ e n e r a l 3 . y  clogged with o ld  logging deb r i s  

7j.i' lSJ m& ( logs ,  chimks, and s l a s h )  which have acted a s  debr i s  c a t c h ~ e n t  
b,e.5CJyn *" 

SF' + L" A/ basins  (Fig.  5 ) .  
, pY'd ' 

(ha - 4. Considerable accelerated erosion of stream banks i s  occ~crrj.ng 

aiong i n t e rn~ i t f - en t  s t r e ans  ( ~ i ~ .  6 ) .  Log jms have ac ted  t o  trap 

sediments snd  d i v e r t  t ra ters  i n t o  erodible  stream banks, r e s u l t l r . ~  

i n  undercutt ing and s lope fai;ures. \ ddjk fc, i ,f)i-d.~e -/kt 
9 rcqteck 0wt.,dc~.ii 

J w .  
5. Much of the o!.?er logging ir, t h e  upper watershed s t s r t c d  in "Ye 

ea r l y  15)?01s. Thc skidroads i n  :;he o lde r  logging o reas  g c r ~ e r a l l y  

had few, i f  any, waterbreaks. However, of  t h ?  sk id  rozda 

have s t a b i l i z e d  o r  h:&ve bcen revet;ctated L - i t h  c r a s sc s  tlnd Posts .  



6. I n  a reas  logeed wi thin  t h e  pa s t  7 years ,  many waterbreaks on t h e  

skid roads ' f e i l e d  r e s u l t i n g  i n  gu l l y  erosion (F'ig. 8 ) .  

I 7. Non-logging a reas  include p r a i r i e  s o i l s ,  subdivis ions ,  and pub l i c  

roads tind right-of-whys. Areas which a r e  considered p r a i r i e  s o i l s  

@ (g rass lands )  are a c t i v e l y  ncving and a r e  very s e n s i t i v e  t o  water  

concentrat ions such as cu lve r t  outflows ( ~ i ~ .  9 ) .  

There i s  i n  t h e  planning s tages  a  proposed subdivision which w i l l  

f involve about 2,OGO acres  from Redwood Creek near t he  S t a t e  Highway 299 

up t h e  s lope on t h e  e a s t  s i d e  of t h e  drainage and then southward &long 

I d 
t he  r idge  and extending down the  major s i de  r idges  ( ~ i ~ .  10). Lot s i z e s  

w i l l  range between 20 ' t o  29 ac r e s  i n  s i z e .  Lots w i l l  be loce ted  on iioving . * 
p r a i r i e  s o i l s  and a reas  t h a t  have been converted from tim3erland t o  g r a s s .  

This  subdivision could cause very se r ious  downslope s cce l e r a t ed  eros ion I p-) a 

problems. -. 

V. Mit igat ing Measures 

Mit igat ing reconmendations a r e  as  fol lows: 

1. Corrective ac t ions  needed t o  mi t iga te  eros ion and sedimentation 

caused by roads include:  

a. .C leen ing  out  sediments ~ n 3  legging debr i s  f r c n  i n t ake  a r e a s  

nea r  cu lve r t s .  

$. Ink ta l l i r ig  b o p  i n l e t s  and concrete headwells a t  some c u l v e r t  
0 be u e h i r  , P,,p i r ,  Sto;\em++ o f  rWmf-( 

i n l e t s *  -\ && ru;k\ ~ f i 1 4 i r ? ; ~ - (  $~'$~qfi,t~ 41 f!'*$.:i n.j, L U ~ L V C ~ ~  
h G J . ~  :a\L + , y ~ i ~ ~ +  l ~ \ c r t h ; c  ~ < ~ ! , t c . , c , ,  

c. Replacing and/or s d d l n ~  l a r g e r  cu lve r t s  a t  some roca t ion%.  
-. 1 

d. Adding neyr c u l v e r t s  where road surfaces  or c u t  s lopes  are 
e*b5cd ~cL~,- ,~. l \  

being undcl-cut' by excess ive  water..  
+h n ~ n  a &pa\ ~ ' 9 k ~ 4 7 ~ 4 - t  

e .  I n s t a l l i n g  energy d i s s i p a t e r s  a t  o u t l e t s  of nll c u l v e r t s .  
\he;(rG+i~ dru,fiec S\rhfZr% 

f. Repl:~sir~[: and i n s t a l l i n g  r ~ u w  t r i d g c s  o r  l . t l ~ c c  t ~ c h  c u l v e r t s .  
7 



g. Removing a l l  "!iu.tnboldt crossings" and replac ing wi th  c u l v e r t s  . z  2 
3 o r  br idges .  

. . se&2 
h. I n s t a l l i n g  d&wndrops 'on c u t s ,  f i l l s ,  and cul - fer ts  wher, ac- 

c e l e r a t e d  eros ion i s  occur.ing. 

4 i. I n s t a l l i n g  c r ibb ing  on rowi f i l l s  where it i s  t h e  only  feas -  

4 <$ 
5 i b l e  method of reducing road s l i p o u t s  and washouts. * 
3 $3: j. Line s i d e  d i t ches  i n t o  c u l v e r t s  where excessive e ros ion  of 
3 

-9 t h e  f i l l  m a t e r i a l  i s  occurring.  
% A  
4 39% h .  Grade roads f o r  adequate drainage (outs loping and red i rec t io r?  

of  roadside  drainageways are. needed). 

1. Rock road s u r f a c e s  and roadway drainages. 

r- - m m. I n s t a l l  i n t e r c e p t o r  ' d i t c h e s  on top of road c u t s  where exposed 
\ 

\ c u t s  are s u b j e c t  t o  excessive su r face  runoff .  

4- a J $3 2. Correct ive  measures needed t o  reduce l ands l id ing  i cc lude  i n s t a l l i . n g  

o r  implementing t h e  fol lowing:  0 

a. Lined i n t e r c e p t o r  d i t c h e s  above t h e  s l i d e .  

b. Terraces t o  d i v e r t  su r face  runoff .  ' 

c .  Pipe drops t o  convey rilnoff down t h e  s lope .  3 

d. Horizontal  dra inage we l l s .  

e. Revegetation of t h e  1mdsl . ide  su r face .  - W'L\--, 

6' ddin;ha w,au\,,( he!? r it%:- 

< Cribbing t o  b u t t r e s s  t h e  t o e  o f  s l i d e s .  U , , ~ E ,  *A i inlhdl~fi\ I 

3.  If t h e  logging d e b r i s  ve re  t o  be removed f r o m e r r o l  s t r e a n 2  

t h e  l a r g e  volumes of  stored. sediments would be r e l e a s e d  a t  one 

t ime,  r e s u l t i n g  i n  a c c e l e r a t e d  e ros icn .  Therefore,  it i s  genera l ly  

recommended t h a t  d e b r i s  from ephemeral stre,%ns not  be rcnoved a t  

t h i s  time. %4.5c *.LL~ b t  di+~ ~ N Y  fi @ 
su w{,* L L  71  , &ria.- $a. ; 



4. I n  i n t e r m i t t e n t  s treams,  l o g s  t h a t  cause bank eros ion should b e  

removed and revege ta t ion  of  t h e  stream channel undertaken where 

appropr ia te .  

5 .  Areas logged p r i o r  t o  seven yea r s  ago genera l ly  do not  r e q u i r e  
b o w e v ~ r ,  s3wre'.,~- ~ l i c v  .PCP&*& w ~ C ~ C  

remedial t r ea tmen t*  -3 - - remedial measures would caiise 
) 

a s u b s t a n t a  a o v e r a l l  decrease i n  eros ion.  There a r e  2 f e 7 0 b 7  

9.3q\~ 7 1 h*~in(3s-ib\~ 
g u l l i e d  s k i d  roads where r e h a b i l i t a t i o n  could be cons idered ,  ave ~owjb n J. I\ 

however, t h e  r e p a i r  of such g u l l i e s  by dozer work and 
(, \b s-? r-?:<. 

migilt cause a c c e l e r a t e d  erosion.  Since most sk id  roads  a r e  

reasonably stablized, it is generally recommended that no cor- 

j r e c t i v a  work.;be undertaken a t  t h i s  time. For a r e a s  logged l e s s  
1 1h ma-3 k e s  

than  seven y e a r s  ago, it would be b e n e f i c i a l  t o  r e p a i r  o r  in-  1 

I n  non-logging a r e a s  t h e  pub l i c  and p r i v a t e  e n t i t i e s  should be 

encouraged t o  r e p a i r  non-functioning e ros ion  c o n t r o l  measures .and 

0- t o  i n s t a l l  c o r r e c t i v e  devices .  
oC \e\Q 

V I .  Cost o f  R e h a b i l i t a t j o n  Work 

Estimated c o s t s  of r e h a b i l i t a t i o n  work'recommended i n  t h i s  r e p o r t  

w i l l  be approximately $2,430,000. The separa te  ~ o s t s  a r e  s u ~ r i a r i z e d  i n  
<: 2. ;'. 

Table I:. The methods o f  e x p a n d i c ~  t h e  f i e l d  d a t a  t o  t h e  s tudy  a r e a  arc 6 s  

fol lows : sUl\t7 ~ . & + . h Y I  7 

1. Roads - Estimated number of  mi les  from 1975 a e r i a l  photographs.  
Lt-2 '' 

2. Landsl ides - Estimated number of s l i d e s  f r o n  "Eros ional  Land 

w W y A  Form Map of t h e  Redwood Creek Drainage Basin,  Humboldt County, 

: 92e a d  
C a l i f o r n i a  1947-74," by K.  M.  Nolan, D. R .  Harden, and  S. bf. 

Colman, USGS J u l y  1976. 
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I Table I 

I COST EST I IIATES FOR CCRRECT l V E  \,IORK I l E E C E D  FOR THE REHA3 I L ITAT I OF4 OF THE 
UPPER ONE-TI{ I R D  OF THE REDWOOD C R E E K  W A T E R S H E D  

d i t c h e s  3 4,000' 24,00Q'l'G3& 2 -.--I ,090 I - - 
I . H o r i z o n t a l  D r a i n s  ,o'ao ' 1 ,om I .., 7 ; ! O . J  1 

--- 
---.-- . Hydroseed i n g  1(:7u3 1 , ~ ~ : j l  1 11.~3 --.. --. 

A l o n g  S t r e a m  Banks . I n t e r c e p t o r  D i  t c h e s  ? 50,000' ,000 Z5,CCO . Down D r a i n  bti ,000 ' 

S u b t o t a l s  687,000 363,000 152,000 

of Subto ta l  Cost 52.04 27.50 11.52 4.85 1 4.04 

9 0 

R e v e g e t a t i o n  o f  

Subto ta i  costs 

4,000 ac .  

- 
e v e g c t a t i o n  o f  S k i d t r a i  1 s  - 

- S u t ~  tnt;l 1s I ~uhtotnl .  cos t s  ' 
.D T O T A L S  

\ &h+, int i5 8 7 
c;j,\ , 7 yew:-. , ? i ,.L : ,,., . I .  

-- 
I 

390 103,000 - .. .. 

3,000 103,000 

1.83 63.00 25.38 100.02 

--- 
..----. 
----. 

L3. ,Cic.  
I.CC. 0:'' 

2 ,1110,i~~':  

i 4 -"- 
4,000. 

4,000 , 26,003 4,090 8,000 

9 - 5 2  61.91 9.52 19.05 
1,255,050 638,1100 268, loo 190,0?0 

- - - 
- 

'19,500 

51.65 26.27 7.141 3.64 l LC[; 1: , 

I !:bl7 



4. Skidr0a.d~ - Estin;atcd nwr,ber of acres from preliminnry ?hot0 

in te rpre ta t ion  of vegetation znd land use conditions in the 

redwood crcek basin as of September 1975 as provided by the 

National Park Service. The number of miles of skidroads per 

square mile by slope ciass was provided by Dr. J. M. Dodge 

based on recent soil crosion studies in the Redwood Creek 

Basin. Skidroad conditions were based on field observations. 

V I I .  - Cost/Benef its for Recoriaended. Treataents 

If all the corrective measures recommended in this report were to be 

accomplished, then a 52 percent reduction of active sediment production 

would result (see Table 11). Active sediment production, as used in this 

table, means sediments and debris reaching water courses as differentiated 

from debris al&ady in streams. ' 

e, 
Table 11. Cost/Benefits for Recommended Treatments 

h& 4 1%. k <i,clce. ( ILxg OI 6hi.i- ~ W I  ?) 

Estimated Estimated Ccst 
% of Total Chance of Sedimeqts Es1;imated Per % Sediment 

Sources of Sediment Success of Reduced by Cost of Reduction 5y 
Sediments by Source Treatment Treatment Treatment Treataent 

Roads 20 % .80 16 $ $ 904,.500 $56,530 

.30 18 1,320,000 73,330 

Stream Bank 
&  LO^ ~ a m s  9 163,500 18,170 

Skid Roads 10 42,000 4,670 

TOTAL 100 % --- 52 % $2,430,000 $46,730 

feyhrbpl, A \ h  b e b i r )  m b ; ~  
# ?wS~h - ,  , OC',lh&im 

b . ~ k 1 1 d e  k r ~ c ~ a .  Cl*,,,.d,\ w.po1iit~ 
1 
\--- -- - \'s 04% S i z e ~ . b \ e w u  . p - e l ~ , ~ + ~ j  

C-__ -- 



Thc most c o s t  e f f e c t i v e  t r e a t m e n t , i s  on  sk idroads  and l a d i n g s ;  

t h e  next  most c o s t  e f f e c t i v e  t r e a t m e n t  would be  i n  s t reams and l o g  jams; 

t h e  t h i r d  i n  t h e  l i s t  o f  c o s t  e f f e c t i v e n e s s  t r ea tmen t  i s  road  r e p s i r ;  

and t h e  l e a s t  c o s t  e f f e c t i v e  t r e a t m e n t  would be t h e  t r ea tmen t  o f  mass l a n d  

movements. 

For t h e  p r o j e c t e d  work on sk id roads  and l and ings  t o  be  e f f e c t i v e ,  t h e  

work should  be  done a s  soon a s  p o s s i b l e .  Data developed dur ing  t h i s  s t u d y  

i n d i c a t e s  t h a t  sk id road  r ecove ry  i s  almost  complete i n  tweyty y e a r s ,  w h i l e  

6 y e a r  o l d  logg ing  a r e a s  r e q u i r e . a d d i t i o n a l  r e p a i r  work on 20 p e r c e n t  o f  

t h e  sk id roads ;  and a r e a s  l agged  two y e a r s  ago r e q u i r e  up t o  70 p e r c e n t  r e -  . 
h a b i l i t a t i o n  work of sk id roads .  

-1  

V I I I .  L i s t s  o f ' P a r t i c i a a n t s  and Sources  of  Informat ion  

- - 
~ ~ e i p a i i t s  In the F i e l d  Z ~ t i i i t i i i i u ~ ~  ?Lase 0; t h i s  StuGy 'w'ere: 

David Burns ( c o o r d i n a t o r )  C a l i f o r n i a  D iv i s ion  of  F o r e s t r y  
Perry h i m o t o  C a l i f o r n i a  Div is ion  o f  14ines & Geology 
Steven  V e i r s ,  Jr. . Nat iona l  Park S e r v i c e  
Gary L e s t e r  Na t iona l  Park S e r v i c e  

Pe r sons  Contacted f o r  A s s i s t a n c e  and In fo rma t ion  Were: 

James Denny 
Grant KcClel l a n  
Jean Sindel' 
R,oy R i t chey  
Richard F o r e s t e r  
A l f r e d  J d e r r i l l  
Lowell C h a p a n  
Herb Pe te r son  
Carl ton Yee Ph.D. 

Eina r  Johnson 
Richard Jandu. Fh. D. 
Edwc~rd 1,owc 

C a l i f o r n i a  Div is ion  of  F o r e s t r y  
C a l i f o r n i a  Div is ion  o f  F o r e s t r y  
C a l i f o r n i a  Divisi.on of  F o r e s t r y  
C a l i f o r n i a  D iv i s ion  of  F o r e s t r y  
C a l i f o r n i a  Department o f  F i s h  b Care 
Lou i s i ana  P a c i f i c  Corpora t ion  
A r c a t a  Redwood Company 
Simpson Timber Company 
Consulting Professional Fo re s t e r  & 

fIydrologi s  t 
N a t i o n ~ l  1'2-rL. S e r v i c e  
U .  S. Ceolo~icnl Scrv ice  , 

C a l i f o r n i  a Di:nc~rknent of T r a n s p o r t a t i o ; ~  



Preliminary Draft 

Fig. 1. During high flows many culverts fail, resulting in road washouts and 
accelerated stream channel and bank erosion.. 



Prel iminary Draf t  

Fig. 2. Erosion caused by a c u l v e r t  o u t l e t  w i th  no energy d i s s i p a t e r .  



Prel iminary Draft 

Fig. 3. An o l d  l o g  b r idge  which has co l l apsed  and i s  
causing s tream blockages.  





Prel iminary D r a f t  

Fig. 5 .  Ephemeral s t reams a r e  g e n e r a l l y  clogged wi th  o l d  logging d e b r i s  
which have ac t ed  a s  d e b r i s  catchment bas ins .  



Preliminary Draft 

Fig.  6. Log jams have acted t o  t r a p  sediments and d i v e r t  
waters i n t o  e rod ib l e  stream banks. 
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Preliminary Draft 

Fig. 9 ,  Areas which are considered prairie soils (grasslands ) 
are actively moving. 



Preliminary Draft 

I Fig. 10.. A,paved road in an area proposed for a subdivision is showing 
landslide cracks in this area of unstable prairie soils. 

I 
I 
I 
I 
I 





ATTACWNT "B" 



United States Department of the Interior 
NATIONAL PARK SERVICE 

WESTERN REGION 
450 G O L D E N  GATE AVENUE,  BOX 36063 

I N  R ~ ! P L Y  REYER TO: SAN FRANCISCO,  CALIFORNIA 94102 

(WR) I:Im February 1, 1977 

M s .  C l a i r e  Dedrick 
S e c r e t a r y ,  C a l i f o r n i a  Resources Agency 
141.6 Ninth St:rect 
Sacramento, C a l i f o r n i a  35814 

Dear M s .  Dedrick: 

We were pleased t o  r e c e i v e  a copy of the i n t e r im  r e p o r t  on "Cor rec t ive  
Work Needed f o r  t:he R e h a b i l i t a t i o n  of t h e  Headwaters of t he  Redwood 
Creek Watershed", by David PI. Burns and Pe r ry  Y. kninoto.  We have 
a l s ~  strong1.y urged t h a t  watersked r e h a b i l i t a t i o n  begin i n  t h e  Redwood 
Creek.watershed,  t o  enhance the p r o d u c t i v i t y  of ups t r ean  f o r e s t  l and  
a s  w e l l  a s  t o  p r o t e c t  t h e  downstream re sources  of Redwood R a t i o n a l  
Park. We a p p r e c i a t e  t h e  e f f o r t s  of t h e  Resources Agency i n  t a c k l i n g  
t h i s  difficult problem. 

Our c o m e n t s  can be segrega ted  i n t o  two types:  (1) c o m e n t s  of t h e  
m a t e r i a l  i n  t h e  r e p o r t ,  and (2) t h e  r e l a t i o n  of t h e  proposed r e h a b i l i -  
t a t i v e  work t o  o the r  f u t u r e  l and  use  p r a c t i c e s  i n  t h e  bas in .  I n  g e n e r a l ,  
we f e e l  t h a t  t h e  r e p o r t  should adopt  a  more spe .c i f ic  approach, and t h a t  
any r e h a b i l i t a t i v e  work should b e  i n t e g r a t e d  s p a t i a l l y  and tempora l ly  w i t h  
i n p a c t s  from o t h e r  l i k e l y  l and  t r ea tmen t s  i n  t h e  upper bas in .  The i s s u e s  
a r e  d iscussed  i n  t h i s  o rde r .  

Comments oc  t h e  Report  

The comments are g e n e r a l l y  i n  page o r d e r ,  a l though some c ros s - r e fe renc ing  
i s  necessary.  Due t o  t h e  d i f f i c u l t y  of a s s ign ing  accu ra t e  e s t i m a t e s  of  
sediment productj.on by source ,  ou r  review comments are q u a l i t a t i v e  and 
s u b j e c t i v e  more than  q u a n t i t a t i v e .  



The r e p o r t  would b e n e f i t  from a  more p r e c i s e  s ta tement  of o b j e c t i v e s .  
Th i s  is  e s p e c i a l l y  i n p o r t a n t  i n  l i g h t  of t h e  f a c t  t h a t  t h e  r e h a b i l i t a t i o n  
program w i l l  no t  b e  t ak ing  p l a c e  i n  a  vacuum b u t  must b e  p a r t  of an  
o v e r a l l  watershed management program. 

Under -. BacEEgro11nd, i t  would be  a p p r o p r i a t e  t o  i nc lude  Highway 299 i n  t h e  
headwaters  area. The Desc r ip t ion  of Area should note  t h a t  t h e  predominant 
t iniber t y p e  :s Douglas-f i r .  Redwoods and t r u e  f i r  a r e  mentioned b u t  
redwood i s  s p a r s e l y  r ep re sen ted  and wh i t e  f i r  i s  confined t o  t h e  h ighe r  
e l e v a t i o n s .  Tan oak, nadrone, and wes tern  red cedar  a r e  t h e  common t r e e  
s p e c i e s  a s s o c i a t e d  wi th  Douglas-f i r  i n  t h e  s tudy  a r e a .  

The s e c t i o n  on Source of Debris  and Sediment would b e n e f i t  from a  
r e o r g a n i z a t i o n  of t h e  f i n d i n g s .  For i n s t a n c e ,  i tem 3 a s  descr ibed  i s  n o t  - - 
now an  a c t i v e  sou rce  of sediment;  i t  d e s c r i b e s  a r e a s  i n  which d e b r i s  and 
s e d i n e n t  have become s t o r e d  and a t  l e a s t  t empora r i l y  wi thhe ld  from f u r t h e r  
t r a n s p o r t .  It would be  a p p r o p r i a t e  t o  add an  item r e l a t e d  t o  d e b r i s  jams 
i n  perenni .a l  s t reams.  I t e n s  1 through 6 r e f e r  t o  t imber  h a r v e s t  r e l a t e d  
sou rces  17hile i t em 7  and t h e  fo l lowing  paragraph i n t r o d u c e  p a r t l y  n a t u r a l  
sources  and p o t e n t i a l  ircpacts of future.  deve1oy;ment. IChile such develop- 
ment m u s t  b e  considered i n  f u t u r e  watershed management coord ina t ion ,  i t  is  
a  s e p a r a t e  i t e n  from t h e  r e h a b i l i t a t i o n  p r o g r a .  Reorganiza t ion  of t h i s  
s e c t i o n  t?ould p e m i t  t h e  n i t i g a t i n g  measures discussed i n  t h e  nex t  s e c t i o n  
t o  be r e l a t e d  to the corresponding problems under Scurces ,  It would a l so  . 
be useful t o  e s t i m a t e  volumes of sedinient now i n  s t reani  channel s t o r a g e ,  
a s  a  means of r e l a t i n g  a c t i v e  sed inen t  sou rces  t o  t h e  average annual  
sediment l oad  (1954-75) a t  t h e  Redwood Creek n e a r  Blue Lake s t a t i o n ,  which 
i s  780,000 tons  p e r  y e a r  (18 tons / ac re /y r ) .  

The M i t i g a t i v e  Measures s e c t i o n ,  a s  w e l l  a s  t h e  Sources s e c t i o n ,  i g n o r e  t h e  
problems a s s o c i a t e d  w i t h  d e b r i s  jams and aggrada t ion  i n  p e r e n n i a l  s t reams.  
A s u b s t a n t i a l  number of l a n d s l i d e s  a d j a c e n t  t o  p e r e n n i a l  s t reams i n  t h e  
Redwood Creek b a s i n  a r e ,  a t  l e a s t  i n  p a r t ,  t h e  r e s u l t  of l o g  and logging- 
r e l a t e d  d e b r i s  jams and a s s o c i a t e d  s t ream channel  d i v e r s i o n s .  An e s t i m a t e  
of t h e  need f o r  p e r e n n i a l  s t ream r e h a b i l i t a t i o n  should b e  made a  p a r t  of 
t h e  s tudy  r e p o r t .  Of course ,  s i t e - s p e c i f i c  de t e rmina t ions  w i l l  have t o  be 
made t o  determine i f  removal o r  p a r t i a l  removal is f e a s i b l e  o r  d e s i r a b l e  a t  
t h i s  t i n e .  

The m i t i g a t i n g  measures should a l s o  r ecogn ize  t h e  sediment i n c r e a s e s  t h a t  
w i l l  b e  caused by r e a l t e r a t i c n  of t h i s  d i s t u r b e d  landscape.  . F o r  example, 
removal of an  o l d  b r i d g e  o r  l o g  jam is going t o  r e l e a s e  s t o r e d  sediment 



t h a t  w i l l  be  t r a n s p o r t e d  downst rcm.  Add i t iona l ly ,  t h e r e  a r e  bound t o  
b e  r e h a b i l i t a t i v e  f a i l u r e s ,  even wi th  t h e  b e s t  of planning. New problems 
w i l l  i n  cone i n s t a n c e s  b e  i n a d v e r t e n t l y  c r ea t ed  by d i v e r t i n g  d ra inage  
from u n s t a b l e  a r e a s  i n t o  "stab1.e" a r e a s .  While t h e  i n c r e a s e  i n  s c d i n e n t  
a s s o c i a t e d  wi th  s u c c e s s f u l  and unsuccessfu l  t reatrcents  should n o t  b e  
oven~helming,  i t  should be recognized i n  the report as an unavoidable 
short- term consequence of t h e  program. 

The Cost of R e h a b i l i t a t i o n  Work would b e n e f i t  from a  g r e a t e r  amount of 
d e t a i l  regard inn  t h e  e s t i m a t e s  p re sen ted  i n  Ta.ble I. Under t h e  "Roads" - - 
ca t egory ,  t h e  use  of "ea." under "no. of un i t s "  i s  ucc lear .  I tem 1. F., 
l i n i n g  s i d c  d i t c h e s ,  i s ' q u a n t i f i e d  by a c r e s  when a  l i n e a r  measure is  
probably more appropr i a t e .  It would b e  h e l p f u l  under " ~ a n d s l i d e s "  t o  
i d e n t i f y  t h e  nuuber o r  a r e a  of l a n d s l i d e s  t o  be t r e a t e d .  Inasmuch a s  
GO pe rcen t  of a l l  s ed inen t  i s  a t . t r i bu ted  t o  l a n d s l i d e s  (from Tab le  11 )  
a g r e a t e r  amount of d e t a i l  suppor t ing  r e h a b i l i t ~ t i v e  e s t ima te s  would b e  
d e s i r a b l e .  

The hydroseeding u n i t  c o s t  i s  e s t ima ted  t o  be  more than  $1,000 p e r  a c r e .  
Th i s  f i g u r e  seems much h i g h e r  than  t h e  nomia l  hydroseeding c o s t .  I n  
a d d i t i o n ,  hydr0seed i .n~  l a n d s l i d e  s u r f a c e s  t o  annual  p l a n t s  h a s  v e r y  
limited r e t u r n  i n  terms of e r o s i o n  c o n t r o l .  

The item on repair  of skid t r a i l s  appears t 3  underestinjate the  amount of 
work r equ i r ed ,  i n  v i e w  of the available data base and o u r  o b s e r v a t i o r s .  
The proposed 4,000-acre t r ea tmen t  is  only  s l i g h t l y  more than  t h e  3,872 
a c r e s  of r e c e n t l y  cu tover  land .  However, t h e r e  a r e  an  a d d i t i o n a l  22,264 
a c r e s  logged more than  seven y e a r s  ago, and ha l f  of t h i s  ac reage  i s  l e s s  
t han  80 pe rcen t  r evege ta t ed .  A s u b s t a n t i a l  p o r t i o n  of t h i s  a r e a  is 
cont inuing  t o  produce s e d i n e n t ,  e s p e c i a l l y  through g u l l i e s  a long  s k i d  
t rai ls ,  and war ran t s  a  g r e a t e r  amount of r e h a b i l i t a t i o n  work. This work 
w i l l  involve  a  much g r e a t e r  av.ount of hand l a b o r ,  and hand l a b o r  a s s i s t i n g  
equipment, than  t h e  c u r r e n t l y  budgeted amount which is  equ iva l en t  t o  
perhaps one person f o r  one d ry  season.  

I n  our  judgment, t h e  c o s t s  a s  e s t ima ted  f o r  t h e  p r o j e c t  a r e  cons ide rab ly  
below what w i l l  a c t u a l l y  occur  i f  a  50 pe rcen t  r educ t ion  i n  t o t a l  sediment  
y i e l d  i s  t o  b e  achieved.  Th i s  is, of course ,  a  s u b j e c t i v e  judgment, due 
bo th  t o  t h e  need f o r  e s t i m a t i o n  and t h e  l a c k  of d e t a i l  i n  t h e  r e p o r t .  W e  
sugges t  t h a t  as a  t e s t  c a s e ,  t h e  a u t h o r s  should s e l e c t  one o r  more t r i b u t a r y  



watersheds ,  map t h e  a c t u a l  r e h z b i l i t a t i v e  work a t  a  l a r g e  s c a l e ,  and re -  
c s t h a t e  t h e  c o s t  involved. This  approach would lend more subs tence  t o  
t h e  r e p o r t  end a l low v a l i d a t i o n  o r  'mendrent of t h e  p r e s e n t  c o s t  f i g u r e s .  
We would be p leased  t o  a s s i s t  t h e  1:esources Agency team i n  developing such 
an approach. 

The c o s t / b e n e f i t  a n a l y s i s  should c l e a r l y  show the p a r t i t i o n i n g  of t o t a l  
sedhncnt  by sou rce  a s  es t imated  percentages ,  which may o r  may not  
approxinlatc a c t u a l  va lues .  lXey a l s o  in t e rming le  r e c e n t  man-induced 
e r o s i o n a l  r a t e s  w i t h  n a t u r a l  r a t e s ,  a s  when a  new road r e a c t i v a t e s  an 
o ld  l a n d s l i d e .  

Coments  on R e l a t i o n  t o  Other  Watershed Uses 
;r 8 fl.. 

There is  obvious need t o  implement t h e  r e h o b i l . i t a t i v e  program i n  @ 
V .. 

coord ina t ion  wi th  a  wide range70f o t h e r  land t r ea tmen t s  i f  t h e  goa l  of &!'''.' ' 

reducing  sediment i s  t o  be  achieved. While t h e  l i s t  below is no t  meant 
t o  b e  complete,  i t  i n d i c a t e s  t h a t  t h e r e  i s  a high p r o b a b i l i t y  f o r  sediment 
y i e l d s  from many sources :  

- r e h a b i l i t a t i o n  work 
- h a r v e s t  of 5,000 a c r e s  of o l d  growth (most. publicly-owned) 
- r a o v a l  of r e s i d u a l  t imber  - thinning young growth 
- hardwood conversion t o  commercial conifer s p e c i e s  - graz ing  
- p o t e n t i a l  subd iv i s ion  near  Highway 299 

I n  some csses ,  t h e  r e h a b i l i t a t i v e  work needed could be  coordinated wi th  a n  
a c t i v i t y  l i k e  hardwood conversion o r  r e s i d u a l  t r e e  removal t o  reduce c o s t s  
and e l i m i n a t e  t h e  need t o  d i s t u r b  an a r e a  tw ice  i n  success ion .  Much of 
t h e  road work could b e  done i n  conjunct ion  w i t h  ob ta in ing  acces s  f o r  v a r i o u s  
purposes,  and perhaps developing an  i n t e g r a t e d  road network. 

The t i m e f r a e  over  which a l l  t h e s e  a c t i v i t i e s  t a k e  p l a c e  is  extreniely 
important .  I n  o r d e r  t o  space  out  t h e  temporary s e d i n t n t  impacts a s s o c i a t e d  
w i t h  well-planned a c t i v i t i e s ,  and avoid ove rconcen t r a t ion  of impact i n  any 
p o r t i o n  of t h e  b a s i n ,  t h e  r e h a b i l i t a t i v e  e f f o r t  must b e  only  one p a r t  of a 
l a r g e r  land  u s e  p lan .  Th i s  p l a n  w i l l  even tua l ly  have t o  encompass t h e  
middle and lower p o r t i o n s  of t h e  Redwood Creek bas in .  R e h a b i l i t a t i o n  may 
even tua l ly  b e  phased ou t  and r ep laced  by an a c t i v e  maintenance of s t ream 



channels ,  roads,  l a n d s l i d e s ,  and d i s t u r b e d  areas, a s  appropr ia te .  Not 
a l l  of t h e  r ~ h a t i l i . t a t i v e  work could o r  should be  done i n  one season;  
t h e  even tua l  tinreframe w i l l  depend on e f f e c t i v e  coord ina t ion  of a l l  
basin ac t iv i t i e s .  

The Eurns-himoto r e p o r t  is  a  good s t a r t  towards r e h a b i l i t a t i o n  of t h e  
headwaters of Redwood Creek. We have suggested t h a t  i t  be s t r eng thened  
by ,a n o r e  d e t a i l e d ,  s i t e - s p e c i f  i c  approach and t h a t  t h e s e  a c t i v i t i e s  b e  
coord ina ted  wi th  o the r  expected b a s i n  a c t i v i t i e s .  While our  comments 
focus  on a r c a s  of t h e  r e p o r t  t h a t  need s t rcngthening ,  we none the l e s s  
f u l l y  a p p r e c i a t e  t h e  e f f o r t s  of t h e  C a l i f o r n i a  Resources Agency i n  
developing t h e  r e p o r t ,  and g e n e r a l l y  concur wi th  i t s  approach. W e  
would h e  pleased t o  provide  f u r t h e r  a s s i s t a n c e  i n  t h i s  complex p r o j e c t  
i nvo lv ing  va r ious  e l euen t s  of t h e  p u b l i c  and p r i v a t e  s ec to r s .  

you aga in  f o r  r eques t ing  our  comments. We hope they  w i l l  be of 
v a l u e  i n  prepar ing  t h e  f i n a l  r e p o r t .  

S i n c e r e l y  your_s, 

Western 

CC : 
Chairman, S t a t e  Board of F o r e s t r y  

, Chzpman 


